In a rodent model of intraabdominal abscess formabegin to elucidate the mechanisms by which some tion, it was shown that the activation of CD4 ϩ ␣␤ T cells carbohydrates induce important immunologic reby capsular polysaccharides is required for the modulasponses through T cell activation, suggesting a funda- 
cations that eliminate the alternating charge character coating the surface (not shown). In addition, significant of the carbohydrate. Conversely, neutral or negatively surface and intracellular regions of colocalization indicharged polysaccharides do not show an ability to acticated that ZPS and MHCII proteins colocalize intracelluvate T cells or facilitate abscess formation, yet if chemilarly as well as on the plasma membrane ( Figure 1A , cally altered to be zwitterionic, this immunologic activity arrowhead and arrows, respectively). In order to elimiis created (Tzianabos et al., 1993) . NMR structural studnate the possibility that these observations were limited ies of ZPSs such as polysaccharide A (PS-A) from to cultured Raji cells, human peripheral blood mononu-B. fragilis and the capsular polysaccharide from type 1 clear cells (PBMCs; Figure 1B ) and mouse splenocytes Streptococcus pneumoniae (Sp1) reveal the formation (not shown) were also used to demonstrate colocalizaof extended right-handed helices in solution ( Figure 1F , left), an inhibitor of the ATPase proton PS-A binds to MHCII in a pH-, HLA-DM-, and propump, or chloroquine ( Figure 1F , middle), which buffers cessing-sensitive manner. These data form the basis the vesicles and prevents acidification indirectly. Similar for a substantial broadening of the paradigm of MHCII to conventional antigens, we found that these treatprocessing and presentation to include non-protein antiments did not reduce the amount of ZPS endocytosed gens and oxidative antigen processing.
or the colocalization of ZPS with MHCII proteins within the MIIC compartment ( Figure 1F , right).
Results
Although MHCII and PS-A colocalization was observed, it was not clear whether this was due to fusion Polysaccharide Antigens Are Taken into the MHC of exocytic vesicles with endo/lysosomes or to entry of Class II Endocytic Pathway the PS-A-loaded vesicles into the ER through an unTo understand the role of the MHCII endocytic pathway known mechanism. These possibilities were examined in polysaccharide-mediated T cell responses, we studin cells treated with brefeldin A, which blocks trafficking ied ZPS trafficking in APCs. Using confocal microscopy between the Golgi apparatus and the ER, with the net with human Raji B cells, we found significant amounts effect of trapping proteins inside the ER following their of PS-A both inside and on the surface of APCs (Figure synthesis (Adorini et al., 1990) . We found that uptake of 1A). Time course studies indicated that entry and sur-PS-A was not significantly affected, yet MHCII and PS-A face localization of PS-A was visible in 30 min and colocalization was reduced ( Figure 1G , left) in a dosepeaked at 6 hr (not shown), while Z axis optical slices confirmed that the PS-A signal is both inside the cell and dependent manner ( Figure 1G, right) . Figure 2B ), yet these same lysates consistently showed acid-stable protease activity (Figther The cellular requirements to achieve ZPS uptake and presentation were further explored with confocal micessing is required for T cell activation, we compared the ability of WT C57BL/6, mice lacking the NADPH croscopy. Pixel histograms of Raji cells incubated with 
Mouse splenocytes incubated with or without antigen and then stained for MHCII (red) and ␣␤TCR (green). White bars indicate 10 m in each image. No APC/T cell engagement was seen in the absence of antigen (A); however, after incubation with unlabeled PS-A (B) or unlabeled superantigen (C), cells formed yellow immune synapses (arrows). (D) Tricolor analysis shows white trilocalization of PS-A (blue), MHCII (red), and ␣␤TCR (green) under the same conditions. (E) Magnification of (D) with colocalization (arrows). (F) Separate color channel images of (D)

The Model and Its Implications
This report documents ZPS oxidative processing and the use of the MHCII endocytic pathway by a non-protein antigen prior to its presentation and recognition. We therefore propose a model to illustrate our findings in MAbs to HLA-DR were purified from HB-55 hybridoma medium and conjugated to affinity resin. Cells were grown at high density in ZPS Labeling serum-free medium (HyQ SFM4CHO, HyClone, Logan, Utah), and PS-A was oxidized with NaIO 4 so that 20% of the galactofuranose secreted protein was purified from the spent medium using affinity side chain sugar was modified to contain an aldehyde at the C5 chromatography and was judged to be Ͼ99% cytes from PS-A-injected (50 g/animal, IP, days Ϫ7 and Ϫ1) WT C57BL/6 mice (Jackson Labs) were incubated with unlabeled anti-PS-A was analyzed by molecular sieve chromatography on a Superose 12 column in PBS using a BioRad FPLC (BioLogic HR, Biogen (staphylococcal enterotoxin A at 10 ng/ml, PS-A at 50 g/ml, or medium-only control) for 3 days at 37ЊC. The cell populations Rad). Fractions were assayed for radioactivity to determine the elution profile.
were then transferred to poly-L lysine-coated slides and stained for 30 min at 4ЊC with AlexaFluor594-conjugated mAbs to murine Microsomal lysates not digested with Pronase were also assayed for protease and glycosidase activity. Glycosidase activity was as-MHCII and AlexaFluor488 antibody to the ␣␤TCR. Confocal images were collected as described above. Tricolor T cell engagement sessed by incubation microsomal lysates with [ 3 H]-PSA at pH 5.0 and 7.3 in a dual-buffered system (A/PBS; 50 mM sodium acetate, studies were done exactly as specified above, only using AlexaFluor594-conjugated PS-A at 50 g/ml with AlexaFluor488 anti-50 mM sodium monobasic phosphate, 0.9% NaCl). Degradation was determined by Superose 12 chromatography. For controls, protease body to murine MHCII and AlexaFluor633-conjugated antibody to the ␣␤TCR. In order to reduce confusion, the signal from PS-A was activity was measured in a casein assay (Molecular Probes) at pH assigned to the blue channel, murine MHCII to red, and ␣␤TCR an immunodominant peptide of human myelin basic protein. 
